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A simplified method is proposed to estimate human outdoor thermal comfort for a given situation 
using hourly climate data of ambient temperature and humidity. This so called human bio-
meteorological chart is overlaid on the psychrometric chart and can be used to study and compare 
very quickly the effect of outdoor comfort strategies such as sun exposure, shading, sky cooling or 
wind protection on thermal comfort. To calculate human comfort indices, typically 8 parameters 
need to be known. In particular the calculation of the long wave mean radiant temperature and the 
complex effect of the direct and diffuse radiation on the mean radiant temperature (MRT) is time 
consuming and requires detailed modeling of the radiant field. The simplifications to estimate the 
MRT and to reduce the numbers of parameters are justified in the second part of this paper. The 
simplification can be used for any kind of comfort index where the MRT is required as input.  
 
The assumptions and simplifications for the MRT have been justified and validated versus a more 
detailed simulation model for shaded, un-shaded and night time conditions and the statistics are 
compared. Without further evidence in this paper, it was found in several analyses of outdoor 
comfort strategies, that the quick statistical findings with the human biometereological chart and the 
ones of more detailed simulations are in good agreement.  
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Figure 10: MRT comparison of different scenarios on a typical 
Riyadh summer day 
 

Figure 11 and Figure 12 show an hourly analysis of 
MRT depending on ambient temperature. The diagonal 
lines represent the DMRT. The bisecting line indicates 
where the MRT is equal to ambient temperature or where 
DMRT = 0 K. In Figure 11 it can be seen that under 
unshaded conditions during sunshine hours (09:00 – 
18:00) the DMRT is in the range of + 10 K to + 30 K 
with the highest occurrence at about +20 K which can be 
taken as a good DMRT approximation for unshaded 
daytime conditions and is the basis for the human bio-
meteorological chart for unshaded conditions (Figure 3).  
 

 
Figure 11: Yearly statistical analysis of MRT depending on 
ambient temperature under unshaded conditions, scenario 1 
 

 
Figure 12: Yearly statistical analysis of MRT under fully 
shaded conditions during daytime, scenario 2. PT statistics are 
evaluated for May to September only. 

 

In Figure 12 the shading device is applied during 
sunshine hours, which reduces the DMRT to the range of 
-5 K to +10 K. On average, a DMRT of ±0 K for well-
shaded conditions can be used for the best passive 
design scenario as it is applied in human bio-
meteorological chart (Figure 4). During night in both 
cases (pink dots in Figure 11 and Figure 12) the person 
is fully exposed to a clear sky. Due to the low sky 
temperature the DMRT is in the range of -10 K to -20 K. 
Therefore -10 K can be taken as conservative DMRT 
approximation for nighttime conditions and is the base 
for the human bio-meteorological chart for nighttime 
(Figure 5). 

 
Calculating the statistics of PT with the detailed hourly 
MRT modeling for about 79% of the time a PT of 32 °C 
is exceeded for the unshaded scenario. With the 
simplified approach of the human bio-meterological 
chart about 94% have been identified just by using 
climate data and a guess for the MRT. For the scenario 2 
at daytime the statistics are 91% with the detailed versus 
94% with the simplified approach, at nighttime it is 66% 
versus 75% The reason for the larger deviation of the 
daytime statistics is explained with the larger deviation 
of MRT in the course of day, especially as operation 
hours from 9:00 to 18:00 are considered. If the period is 
more focused, say 11:00 to 16:00 the results are closer.  
 
CONCLUSION 
With the human bio-meteorological chart, outdoor 
comfort strategies can be evaluated easily and quickly 
with reasonable accuracy. It provides the possibility to 
analyze the potential of an outdoor comfort strategy in 
advance before using time consuming design tools. 
Assumption and simplifications for the DMRT for have 
been justified and validated versus a more detailed 
simulation model for shaded, un-shaded and night time 
conditions. Without further evidence in this paper, it was 
found in several analyses of outdoor comfort strategies 
that the quick statistical findings with the human 
biometereological chart and the ones of more detailed 
simulations are in good agreement.  
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